Reduced folate carrier independent internalization of PEGylated pemetrexed: a potential nanomedicinal approach for breast cancer therapy.
Pemetrexed has been widely used as an effective chemotherapeutic agent for the treatment of a variety of cancers including breast cancer. It is a multitargeted antifolate that gets transported to cells primarily by reduced folate carrier (RFC) and exerts its action by disrupting folate-dependent metabolic processes essential for cell replication. The loss of RFC leads to impaired transport of pemetrexed, which in turn decreases its intracellular concentration and reduces its cytotoxic effect on cancer cells. Furthermore, the multidrug resistance (MDR) related proteins (MRPs) contribute to pemetrexed efflux from the cancer cells. These observations prompted us to develop PEGylated pemetrexed that follows an efficient cellular internalization route independent of RFC and simultaneously bypasses the MRP efflux mechanism for acting as an efficient chemotherapeutic agent. Thus, the present study focuses on PEGylation of pemetrexed for its superior therapeutic efficiency by evaluating its cellular uptake and retention by flow cytometry, confocal microscopy, and reversed-phase high-performance liquid chromatography (RP-HPLC) in breast cancer cell lines having RFC expression and lacking RFC expression, that is, MCF7 and MDA MB231, respectively. In addition, the treatment of PEGylated pemetrexed lead to enhanced cytotoxicity due to S-phase arrest and apoptosis in the above mentioned cell lines. Interestingly, the longer circulation time of PEGylated pemetrexed in animal model concomitant with the RFC independent uptake and enhanced cytotoxicity suggests it to be a potential candidate for cancer therapy in a clinical setting.